ABSTRACT In order to measure broiler chick hydrogen gas production, a sealed atmosphere chamber was constructed and chicks were intubated with soybean meal (SBM), α-galactoside free, ethanol-extracted soybean meal (ESBM), and ESBM with α-galactosides added to the levels of SBM (ESBMG). Six male broiler chicks averaging 156 g of weight were deprived of feed for 12 h prior to intubation with 6 g of the test soybean meals. Two chicks were used for each treatment. Following intubation, chicks were placed in the sealed atmosphere chamber for 20 min at 2-h intervals for 28 h. At the end of this 20-min period, a sample of the chamber atmosphere was collected with a gas-tight syringe and ana-
INTRODUCTION
Previous research indicated that extraction of soybean meal with ethanol to remove α-galactosides (raffinose and stachyose) may improve metabolizable energy and fiber and amino acid digestibility. Raffinose and stachyose are considered to be heat-stable anti-nutritional factors of soybean meal (Liener, 1981) . Steggerda (1968) demonstrated that stachyose and raffinose played a role in intestinal microflora gas production. Wagner et al. (1977) found that a large portion of the flatulence produced by rats and humans consuming bean-based diets was due to the oligosaccharide fraction of beans. When raffinose was fed at levels higher than 6.7%, Wagner et al. (1976) noted a decline in hydrogen production by rats and found raffinose in the excreta. It was suggested that high levels of raffinose result in osmotic catharsis, causing evacuation of a portion of the raffinose before its microbial hydrolysis and fermentation could be completed. Fleming (1981) utilized rats to determine the correlation between α-galactoside content of legumes and hydrogen production.
Received for publication November 9, 1998. Accepted for publication April 15, 1999. To whom correspondence should be addressed: ccoon@comp.uark.edu 1313 lyzed for hydrogen gas by gas-solid chromatography. The hydrogen production of the two chicks intubated with SBM peaked 7 h postintubation at 127 ppm. The ESBM produced a peak at approximately 17 h postintubation at 26 ppm. Intubation with ESBMG resulted in peak hydrogen production at approximately 12 h postintubation at an average of 67 ppm. Results indicate that chicks intubated with SBM produced 3.2 times the amount of total hydrogen gas than those chicks intubated with ESBM. Chicks intubated with ESBMG produced 2.2 times the amount of total hydrogen gas than chicks intubated with ESBM. The research indicates the α-galactoside oligosaccharides are a major cause of hydrogen gas production from SBM in poultry. Gumbmann and Williams (1971) developed a method for determining hydrogen gas production of a single rat over an extended period of time. They designed an enclosed environmental chamber in which the rat could be placed, along with the diet to be studied. By means of air circulation pumps and a gas-tight syringe port, expired hydrogen from the rat was mixed with the air of the chamber and quantitatively withdrawn. Hydrogen concentration of the withdrawn sample was then analyzed by gas-solid chromatography.
To our knowledge, no research has been conducted on the effects of soybean or α-galactosides on the hydrogen production of poultry. Therefore, the present experiment was conducted to determine whether gas production of poultry was similar to those seen in mammals in response to ingestion of soybeans and α-galactosides.
MATERIALS AND METHODS
Commercially available 47% crude protein soybean meal (SBM) was used as the control. Ethanol-extracted, α-galactoside free, soybean meal (ESBM) was produced Abbreviation Key: ESBM = ethanol-extracted, low α-galactoside, soybean meal; ESBMG = ESBM containing SBM levels of α-galactosides; SBM = 47% crude protein soybean meal. using the method of Coon et al. (1990) . Control SBM was extracted for 1 h with 10 vol of boiling 80% ethanol under reflux. The liquid was decanted and the extraction repeated. After the second decantation, 10 vol of water were added to the ethanol-extracted meal and the meal:water mixture was stirred for 30 min. The water was drained away from the meal and the meal was air-dried with fans at room temperature. A third soy source (ESBMG) was produced by adding α-galactosides (raffinose and stachyose, reagent grade 2 ) to ESBM to equal the levels determined for SBM. Following a 12-h period without feed, six male Ross × Ross broiler chicks (10 d of age, average weight = 156 g) were intubated with 6 g of one of the soy sources, two chicks per source. In order to measure gas production of the chicks intubated with the various soy sources, a sealed atmosphere chamber similar to that described by Gumbmann and Williams (1971) and Fleming (1980) was constructed, differing in that no provision for restoring consumed oxygen was included. The atmosphere of the sealed chamber was circulated and mixed using an air pump. Following intubation, chicks were placed in the sealed atmosphere chamber for 20-min periods at 2-h intervals for 28 h. At the end of each 20-min period, 50 mL of the chamber atmosphere was drawn from a gas-tight port of an inline gas-sampling bulb using a gas-tight syringe, and the sample stored at -4 C for no longer than 48 h before analysis. Between each 20-min period in the sealed atmosphere chamber, chicks were placed in individual cages with ad libitum access to water. Gas samples collected from the chamber were analyzed for hydrogen concentration using a QuinTron 3 Microlyzer Model DP hydrogen/methane analyzer.
RESULTS
Results of the 20-min collections of hydrogen gas production for SBM, ESBM, and ESBMG are shown in Figures  1, 2 , and 3, respectively. Hydrogen production of chicks intubated with SBM peaked approximately 7 h postintubation at a level of 120 and 134 ppm hydrogen for the two chicks. Hydrogen production from chicks intubated with ESBM was considerably lower, peaking at 25 and 26 ppm hydrogen between 16 and 18 h postintubation. Hydrogen production of chicks intubated with ESBMG peaked at 87 and 47 ppm hydrogen at approximately 12 h postintubation. In this treatment, one chick's hydrogen production did not immediately drop to near baseline levels, but continued at or above 20 ppm hydrogen per observation until the conclusion of the experiment. With the exception of this single chick, all other chicks' hydrogen production levels dropped quickly after the peak observation to levels near zero. chick, caused hydrogen production to steadily increase until a maximum production was reached. After this point, little additional hydrogen production was observed. Chicks intubated with SBM averaged a cumulative total of 350 ppm hydrogen, ESBM 100 ppm hydrogen, and ESBMG 244 ppm hydrogen. The total hydrogen production for each chick for the 28-h period was calculated. It was assumed that the 20- min hydrogen production represented an average hydrogen production for the entire 2-h period between collections. Figure 5 represents this calculated cumulative hydrogen production for each chick in each treatment. Total calculated cumulative hydrogen production averaged 2,323 ppm hydrogen for chicks intubated with SBM, 725 ppm hydrogen for the chicks intubated with ESBM, and 1,602 ppm hydrogen for chicks intubated with ESBMG.
DISCUSSION
These data indicate that ethanol extraction of soybean meal reduces the amount of hydrogen gas production by the chick. Hydrogen production from chicks intubated with SBM peaked higher and earlier than production from chicks intubated with ESBM. The SBM hydrogen gas production was 3.2 times that of ESBM and appeared approximately 10 h earlier. Source ESBMG produced 2.2 times the amount of hydrogen gas as ESBM. Previous research (Leske et al., 1995) has shown that this intermediate result is also observed in TME n and protein efficiency ratio determinations with ESBMG. The more rapid peak in hydrogen production from SBM than from ESBM would seem to agree with earlier research (Coon et al., 1990) indicating that SBM produced a faster passage rate than ESBM. The data indicate that the poultry hydrogen production response to soybean meal and α-galactosides is similar to that found in mammals such as rats (Gumbmann and Williams, 1971 ) and dogs (Steggerda, 1968) . The protocol presented here appears to be a valid method for estimating chick hydrogen production.
